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of  the  Ohio  State  University,  Columbus,  Ohio  on  Air  Force 
Contract  AP  33(6l6)-7827  under  Task  13d606  "Hypersonic  Boundary 
Layer  Properties"  on  Project  No,  1366  "Aerodyniunlcs  and  Flight 
Mechanics".  This  Task  and  Project  are  a  part  of  Air  Force 
System  Command's  Applied  Research  Program,  750A,  "Mechanics  of 
Flight" .  The  work  was  administered  under  the  direction  of 
Flight  Dynamics  Laboratory,  Aeronautical  Systems  Division. 

Mr.  M.  L.  Buck  and  Captain  H.  Grubbs  were  project  engineers 
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The  study  was  Initiated  In  January,  19S1,  and  was 
completed  In  August,  1962.  The  final  report  Is  In  two  volximes: 
Volume  1  presents  the  surface  pressure  distributions  on  a 
blunted  flat  plate;  Voltme  II  presents  the  laminar  boundary 
layer  profiles  on  the  flat  plate. 


This  report  concludes  the  work  done  by  the  Aerodynamic 
Laboratory  on  Contract  AF  33(6l6)-7827. 


ABSTRACT 


Pressures  were  measvired  over  the  surface  of  an  unswept 
blunt  flat  plate  having  a  cylindrical  leading  edge  1/2-lnc.^ 
in  diameter  under  the  following  conditions: 
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The  flat  plate  was  side-mo\inted  in  the  ALOSU  12-inch 
continuous  hypersonic  wind  tunnel.  Separate  tests  were 
conducted  with  cylinders  in  order  to  obtain  detailed  data 
for  the  leading-edge.  Stagnation  temperatiires  were 
sufficiently  high  to  eliminate  condensation  effects. 

The  leading-edge  and  cylinder  pressure  ratios  were  noted 
to  be  independent  of  both  Mach  number  and  Reynolds  number. 

The  flat  plate  pressure  ratios  shoi-f  a  small  dependence  on 
Mach  number.  Reynolds  nmber  effects  on  the  plate  pressure 
ratios  were  small  except  at  the  lovfer  levels  of  Reynolds 
number  where  the  Interaction  of  the  thickened  boundary  layer 
caused  Increases  in  pressure. 

Boundary  layer  profiles,  obtained  during  the  same 
progrem,  are  reported  in  Volxune  II  of  this  report. 


This  report  has  been  reTiewed  and  is  approved. 

PHIUP  P.  AMTOMATOS 
Chief,  flight  Branch 
flight  Sjmamioa  Laboratory 


ill 


TABLE  OP  CONTENTS 

SECTION 

PAGE 

I 

INTRODUCTION 

1 

II 

EXPERIMENTAL  EQUIPMENT 

2 

A.  Test  Facility 

B.  Models 

C .  Instrumentation 

2 

2 

3 

III 

RESULTS 

4 

A,  Plat  Plate  Pressure  Distributions 

B,  Leadlnc-Edce  and  Cylinder  Pressures 

C,  Temperature  Distributions 

4 

5 

IV 

DISCUSSION  OP  RESULTS 

6 

A.  Effects  of  Mach  and  Reynolds  Numbers 
on  the  Plate  Pressures 

B.  Independence  of  Leadlng-Edce  Region 
from  Mach  and  Reynolds  Numbers 

C.  Estimate  of  Errors 

6 

6 

7 

V 

SUMI'IARY 

9 

REFERENCES 

10 

Iv 

• 

i 

LIST  OP  TABLES 


Page 

xx 


1  Flat  Plate  Test  Conditions 

TI  Distributions  of  Pressure  and  Ten5)erature  on  the  Blunt  i2 
Flat  Plate  at  M  =  7 

III  Distributions  of  Pressure  and  Temperature  on  the  Blunt 
Flat  Plate  at  M  ««  10 

IV  Distributions  of  Pressvire  and  Temperature  on  the  Blunt  36 
Flat  Plate  at  m  =  12 


V  Distribution  of  Pressure  and  Temperature  on  the  Blunt  53 
Flat  Plate  at  M  =  l4 

VI  Cylinder  Test  Conditions  61 

VII  Pressure  Distributions  on  the  Cylinders  at  M  =  10,5  62 

VIII  Pressxire  Distributions  on  the  Cylinders  at  M  ■  12  63 

IX  Pressure  Distributions  on  the  Cylinders  at  M  =  15  63 


T 


LIST  OP  FIGURES 


Figxire  Peige 

1  The  Ohio  State  University  12-Inch  Hypersonic 

Wind  Tunnel  Schematic  64 

2  Flat  Plate  Dimensions  63 

3  Flat  Plate  Orifice  and  Thermocoiqple  Locations  66 

4  The  COD^leted  Flat  Plate  Model  67 

5  Model  Installation  68 

6  Cylinder  Dimensions  69 

7  The  Cylinder  70 

8  Inclinable  Manometer  Board  71 

9  Nozzle  Calibrations  at  Model  Leading  Edge  72 

10  Co-ordinate  Systems  used  for  the  Plat  Plate 

and  the  Cylinder  73 

11  PresstJre  Distribution  over  the  Flat  Plate 

M  =  7,  Rep  »  7500  74 

12  Presstu’e  Distribution  over  the  Flat  Plate 

M  =  7/  Rep  ■  20,600  75 

13  Pressure  Distribution  over  the  Flat  Plate 

M  -  10,  Rep  =  8,300  76 

14  Pressure  Distribution  over  the  Flat  Plate 

M  =  10,  Rep  »  15,000  77 

15  Pressxire  Distribution  over  the  Flat  Plate 

M  -  12,  Rep  =  9000  78 

16  Pressxu’e  Distribution  over  the  Flat  Plate 

M  =  12,  Rep  -  13,700  79 

17  Pressure  Distribution  over  the  Plat  Plate 

M  =  12,  Rep  -  21,300  80 

18  Pressure  Distribution  over  the  Plat  Plate 

M  -  14,  Rep  -  12,700  81 


vi 


Plgui'e  Page 

19  Pressure  Distribution  over  the  Flat  Plate 

M  =  14,  Rej)  -  16,000  82 

20  Spanwlse  Pressure  Distribution  on  the  Flat 

Plate  83 

21  Effect  of  Reynolds  Number  on  Pressure 

Distribution  84 

22  Effect  of  Mach  Nrimber  on  Pressure  Distributions 

for  M  -  7,  10,  12  85 

23  Effect  of  Mach  Number  on  Pressure  Distributions 

for  M  -  10,  12,  14  86 

24  Tunnel  Interference  on  Plat  Plate  Distributions  87 

25  PressTire  Distribution  on  the  Nose  of  the  Plat 

Plate  M  -  7,  Rej5  =  7500  88 

26  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  7,  Rej3  =  20,600  89 

27  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  10,  Rej)  -  8300  90 

28  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  10,  Rejj  =  15,000  91 

29  Pressure  Distribution  on  the  Nose  of  the  Plat 

Plate  M  =  12,  Rejj  »  9000  92 

30  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  12,  Rej)  =  13,700  93 

31  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  12,  Rep  -  21,300  94 

32  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  14,  Rep  =  12,700  95 

33  Pressure  Distribution  on  the  Nose  of  the  Flat 

Plate  M  =  14,  ReD  -  16,000  96 

34  Pressure  Distribution  about  Cylinder  M  =  10  97 

35  Pressure  Distribution  about  Cylinder  M  ■  12  98 

36  Pressxire  Distribution  about  Cylinder  M  «  15  99 

Tii 


Page 


Figure 

37  Effect  of  Nach  Number  on  Press\xre  Distribution 

about  Cyllndezk  Re^  >  11 » 000  100 

38  Effect  of  Mach  Nt&nber  on  Pressxire  Distribution 

abovit  a  Cylinder,  Rejj  ■  4000  101 

39  Tunnel  Interference  on  Cylinder  Distributions  102 

40  Typical  Tenperature  Distribution  on  the  Flat 

Plate  103 

41  Conparlson  of  Modified  Creager  Theory  with 

Experiment  104 


viii 


LIST  OP  SYMBOLS 


Symbol 

u 

D 

M 

P 

Po 

Pt2 

Rej) 

S 

S' 

To 

a 

P 

M 


Velocity 

Diameter  of  heralcyllnder 

Mach  number 

Static  Pressure 

Stagnation  Pressure 

Total  pressure  behind  normal  shock 

Reynolds  nmber  (based  on  free  stream 
conditions)  =  pxiD 

Distance  along  surface  from  tip  of  model 

Distance  along  surface  from  stagnation  point 

Wall  temperature 

Stagnation  temperature 

Angle-of-attack 

Density 

Viscosity 


e  Peripheral  angle  on  cylindrical  surface 


Dimension 

ft/sec 

ft 


mm  Hg  abs 
Ibs/in^ 
mm  Hg  abs 


ft 

ft 

°R 

°R 

Degrees 

Slugs/ft^ 

lb  sec 
■ft2“ 

Degrees 


lx 


SECTION  I 


INTRODUCTION 


There  is  presently  a  great  need  for  detailed  information 
about  the  flow  fields  surrounding  blunt  bodies  moving  at 
hypersonic  speeds.  A  variety  of  theoretical  approaches  have 
been  proposed  for  the  prediction  of  surface  pressures,  skin 
friction,  heat  transfer,  and  flow  field  temperature  but 
experimental  verification  is  lacking  in  many  Instances,  This 
study  was  undertaken  to  provide  Information  about  the  surface 
pressures  and  the  nature  of  the  boundary  layer  on  an  unswept 
blunt  flat  plate  and  the  results  are  reported  in  two  volumes. 

•  The  flat  plate  had  a  cylindrical  leading  edge  1/2-lnch 
in  diameter.  It  was  side-mounted,  fully  spanning  the  semi- 
free  Jet  of  the  wind  tunnel  in  order  to  depress  interference 
from  the  siipport  and  from  the  tunnel  walls.  Pressure  orifices 
were  arranged  in  three  streamwise  rows  and  thermocouples  were 
embedded  under  the  surface.  No  forced  cooling  was  provided, 
but  radiation  and  conduction  maintained  the  model  temperatxires 
well  below  recovery  temperature.  In  order  to  obtain  more 
detailed  information  about  the  pressures  on  the  leading  edge, 
separate  cylindrical  models  were  also  tested. 

Experiments  were  conducted  at  nominal  Mach  numbers  of  7, 
10,  12,  and  14  with  the  Reynolds  number  (based  on  the  leading- 
edge  diameter)  ranging  from  7500  to  21,300,  Data  were  obtained 
at  several  angles-of-attack  tlirough  the  range  +15°.  Table  I 
lists  the  test  conditions  in  detail. 

This  part  of  the  report  (Volume  I )  deals  with  the 
pressure  distributions  obtained  from  the  flat  plate  and  the 
cylinder  models.  The  facility,  models  and  Instrumentation 
are  briefly  described  and  the  results  from  the  many  tests 
are  tabulated.  Representative  data  were  selected  and  plotted 
to  Illustrate  the  effects  of  angle-of -attack,  Mach  number  and 
Reynolds  number  on  the  pressvire  distributions. 

Volume  II  describes  the  boundary  layer  surveys,  taken  at 
three  streamwise  stations  on  the  plate  by  means  of  a  pitot 
probe  and  a  sonic-pneumatic  total  temperature  probe. 


Manuscript  released  by  authors  17  August  1962  for  publication 
as  an  ASD  Technical  Documentary  Report. 
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SECTION  II 


EXPERir4ENTAL  EQUIPMENT 


A.  Test  Facilities 

The  major  portion  of  this  investigation  was  conducted 
in  the  ALOSU  12-inch  hypersonic  wind  tunnel  idilch  is  described 
in  some  detail  in  references  1  and  2.  This  is  a  continuous- 
flow,  free- Jet  tunnel  utilizing  an  electric  resistance-type 
air  heater  vAilch  can  deliver  stagnation  temperatures  to 
2800<^R.  Axlsymmetrlc  contoured  nozzles  are  used  for  nominal 
flow  Mach  numbers  of  6,  7,  8,  10,  12  and  14.  A  diagram  of 
the  facility  is  presented  in  Figure  1. 

For  scxne  of  the  leading-edge  data,  tests  of  a  small 
cylinder  model  were  conducted  in  a  fovir-lnch  hypersonic  tunnel. 
Except  for  size,  the  configuration  of  this  tunnel  and  its 
capabilities  are  essentially  the  same  as  that  of  the  larger 
tvinnel. 


B.  Models 

The  flat  plate  model  was  constructed  from  stainless 
steel.  Static  pressure  orifices  of  0.060”  diameter,  were 
6uu*anged  along  three  parallel  streamwlse  rows  so  that  any 
departure  from  two-dimensional  flow  could  be  ascertained. 

For  refeMnce  purposes,  two  rows  of  chromel-alumel  thermo¬ 
couples  were  located  on  either  side  of  the  centerline  to 
measxire  surface  tenqperatures.  Plate  dimensions  are  given  in 
Figure  2;  the  locations  of  the  orifices  and  of  the  thermo¬ 
couples  are  shown  on  the  diagram  of  Figure  3.  A  photograph 
of  the  model  after  initial  testing.  Figure  4,  indicates  the 
surface  discoloration  due  to  the  elevated  tei^eratures  of 
the  tests.  It  should  be  pointed  out  that  although  plate 
tenq;>eratux’es  reached  800^  during  some  tests  emd  the  surface 
discolored,  the  smoothness  of  the  surface  was  not  altered, 
nor  was  smy  distortion  of  the  plate  observed. 

Figure  5  shows  the  flat  plate  mounted  in  the  wind  tunnel 
test  chamber,  seen  from  the  nozzle  end.  The  model  is  surrounded 
by  a  oyllndrloal  "scoop",  leading  into  the  diffuser;  this 
arrangement  was  found  by  initial  tests  to  be  most  favorable 
in  depressing  tunnel  interference,  espeoially  at  large 
angle-of-attaok.  For  the  same  reason,  small  wedges  were 
added  to  the  ends  of  the  plate.  During  the  starting  and 
shut-down  procedures,  the  model  was  retracted  from  the  Jet 
through  a  slot  in  the  scoop.  For  changes  in  angle-of -attack. 
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the  model  could  he  rotated  about  Its  leading  edge  without 
stopping  the  tunnel  flow. 

The  cylinder  models  were  also  fabricated  from  stainless 
steel;  the  basic  dimensions  of  the  cylinders  are  given  In 
Figure  6.  These  models,  which  fully  spanned  the  jet,  could 
be  rotated  about  their  axes  to  obtain  detailed  pressvire 
distributions  and  were  retracted  from  the  Jet  to  ease  tunnel 
starts.  Photographs  of  the  two  models  are  shown  In  Figure  7. 


C .  Instrumentation 

Pressure  data  from  the  flat  plate  were  obtained  on 
three  Inclinable  manometer  boards  of  the  type  shov/n  In 
Figure  8.  Each  board  consisted  of  eighteen  U-tubcs  containing 
Dow  Corning  No.  2C0  Slllcono  Fluid.  One  side  of  each  U-tube 
v/as  connected  by  tubing  to  a  model  pressure  orifice;  the 
other  side  was  cov^led,  through  a  manifold,  to  a  vacuum  pucqp 
which  held  the  back  pressure  to  1  to  2  microns  of  mercury. 

To  determine  the  reference  levels  of  each  tube,  to  degas 
and  to  leak  check  the  measuring  system,  the  two  logs  of  the 
U-tube  could  be  connected  together.  High  reading  accuracy 
lias  maintained  by  properly  matching  the  slope  of  the  boards 
with  the  pressure  levels  to  be  measiored.  The  nanometer 
system  required  an  average  time  of  10  minutes  to  stabilize; 
however,  as  the  plate  tenperature  required  a  period  of  the 
same  order  to  stabilize,  this  response  was  not  considered 
excessive. 

The  pressure  distributions  on  the  cylinders  v/ere  sensed 
with  a  verlable  reluctance,  differential  pressure  transducer. 
For  these  tests,  the  cylinder  attitude  Indicator  and  the 
pressure  transducer  were  connected  to  the  analogue  computer 
of  the  laboratory  for  direct  on-line  reduction  and  plotting. 

The  txinnel  supply  conditions  were  measured  by  means  of 
standaz^  vflnd  tunnel  Instrumentation,  l.e.,  a  thermocouple 
with  a  Brown  Recorder  for  stagnation  temperature  amd  a 
Bourdon-type  pressure  gage  for  staignatlon  pressure.  The 
Mach  number  at  the  model  leading  edge  for  each  test  condition 
was  determined  by  an  Impact  probe  calibration.  With  the 
model  retracted,  a  single  pitot  probe  was  traversed  across 
the  nozzle  i^lle  Its  pressure  and  position  v;ere  plotted. 

Real  air  corrections,  although  generally  small,  were  made 
when  reducing  this  pressure  data  to  Mach  number  distributions; 
typical  calibrations  are  plotted  in  Figure  9. 
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SaCTION  III 


RESULTS 


A.  Flat  Plate  Presouro  Distributions 


Plate  pressures  and  the  associated  surface  ten^jeratiu’es 
measured  durlns  the  test  program  have  been  tabulated  and 
scmie  typical  data  plotted  to  Illustrate  trends.  Table  I 
Indicates  the  test  conditions  for  the  series;  Table  II 
through  V  contain  the  surface  pressures,  ratloed  to  the 
stagnation  point  pressure.  It  should  be  noted  from  Figure 
10,  that  the  distance  S  is  the  surface  distance  measured 
from  the  front  of  the  model  leading  edge  and  does  not 
coincide  with  the  distance  from  the  stagnation  point.  S', 
except  at  an  angle-of-attack  of  zero.  As  described  below, 
wind  tunnel  Interference  effects  were  noted  in  a  niunber  of 
cases;  this  Influenced  data  has  been  deleted  from  the  record 
emd  only  that  data  considered  veilld  are  tabulated. 


Typical  plots  of  the  measurements  from  the  model 
centerline  taps  are  presented  in  Figures  11  through  19, 
indicating  the  trend  of  the  pressures  with  angle-of-attack. 
Note  that  only  a  -  0°  and  a  -  +10°  are  shown.  Figure  20 
is  representative  of  data  frcxnrthe  three  rows  of  orifices 
and  indicates  that  the  flow  was  essentially  two  dimensional; 
the  greatest  deviation,  for  a  •  10°  con^presslon,  is  loss 
than  IJj  of  the  Impact  pressure.  The  typical  dependence 
upon  Reynolds  number  at  a  fixed  Mach  number  is  shown  in 
Figure  21,  Flgvu^es  22  axi6  23  Illustrate  the  small 
dependence  \ipon  stz^eun  Mach  numbers  when  conditions  do^vn- 
stream  of  the  normal  shook  were  held  constant. 


Data  presented  in  Figure  24  is  typical  of  t  ^  tu^el 
interference  found  at  low  Reynolds  numbers  and  at  angle- 
of-attack,  Apparently,  bow  shock  Interaction  with  the 
tuimel  boundary  layer  or  an  opening  of  the  model  wake 
(or,  in  some  oases,  a  canblnation  of  both  effects)  produced 
a  rise  in  the  model  pressures  and  a  departure  frcmi  two- 
dimensional  flow.  The  point  of  deviation  progressed  forward 
as  angle-of-attack  was  increased  and  as  Reynolds  number  v«s 
decreased,  eventually  leading  to  a  collapse  of  the  tunnel 
flow.  Con9)arisons  indicate  that  the  measvirements  were  v^ld 
im  to  the  point  of  minimum  pressiu*e;  data  downstream  of  this 
point  have  been  deleted  from  the  tabulated  results. 
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B*  Leading  Edge  and  Cylinder  Pressures 

A  number  of  pressure  orifices  were  installed  around  the 
leading  edge  of  the  flat  plate  but  it  was  felt  that  more 
detailed  information  should  be  obtained  from  that  region. 
Accordingly,  these  data  were  siqpplemented  by  obteilnlng 
pressure  measurements  from  two  cylinder  models.  One 
cylinder  had  a  diameter  of  1/2-lnch,  the  same  as  the  plate 
leading  edge,  and  v&s  tested  in  the  12-inch  tunnel.  The 
other,  having  a  diameter  of  0.2  inch,  was  tested  in  the 
4-lnch  tunnel.  Thus,  it  was  possible  to  obtain  pressure 
data  over  a  id.de  range  of  Reynolds  and  Mach  numbers  auid 
to  examine  the  influence  of  body  geometry.  In  addition, 
backside  pressures  were  also  obtained  from  the  cylinders. 

Results  from  these  measurements  are  plotted  in  Figures 
25  through  39;  it  should  be  noted  that  the  correlations  are 
with  the  dimensionless  surface  distance  to  the  stagnation 
point,  S'/D,  as  the  abscissa.  Figures  25  tlirough  33  show 
the  pressure  ratios  from  the  leading  edge  of  the  flat  plate 
vdille  those  from  the  cylinders  are  presented  in  Figures  34, 

35  and  36  and  in  Tables  VI  through  IX.  Repeated  data  in 
Figures  37  and  38  shov/  the  influence  of  Mach  number. 

During  some  of  these  tests,  timnel  interference  produced 
an  opening  of  the  xialce,  with  the  backside  pressures  being 
Increased;  Figure  39  illustrates  the  typical  observed  effect. 


C .  Teraperatiire  Distribution 

Tabulated  values  of  the  record  temperatures  are  presented 
in  Tables  II  to  V  for  the  flat  plate  and  in  Table  VI  for 
the  cylinders.  A  t^lcal  flat  plate  teiperature  distribution 
is  shovm  in  Figure  40.  As  the  measurements  of  wall  tempera¬ 
ture  obtained  from  the  two  rows  of  thermocouples  differed 
by  less  than  lO^F,  the  plotted  values  are  avereiged  tenqperature 
readings.  The  svirface  temperatures  of  the  cylinders  ranged 
from  750OR  to  ISOOOr,  depending  upon  test  conditions,  but 
;rtthln  +15°R  around  the  cylinder  in  a  particular  test;  hence, 
the  cylinder  may  be  considered  as  essentially  an  isothermal 
body  at  the  temperatiu^e  presented  in  the  table. 
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SECTION  IV 
DISCUSSION  OF  RESULTS 


A.  Effect  of  Mach  and  Reynolds  Numbers  on  the  Plate  Pressures 

Whenever  possible,  the  tunnel  test  conditions  were  chosen 
such  that  the  stasnatlon  temperature,  Tq,  and  the  stagnation 
pressure  behind  the  normal  shook,  Ptg*  vrould  be  repeated  at 
different  stream  Mach  numbers.  In  this  manner,  there  should 
be  a  near-slmllarlty  of  flows  over  the  model.  Including  the 
boundary  layer,  as  the  model  temperatures  were  also  nearly 
repeated  at  such  conditions.  Comparisons  like  those  In 
Figures  22  and  23  will  then  permit  the  small  effects  of 
stream  Mach  number  to  be  separated. 

In  Figure  22,  the  Influence  of  Mach  number  on  the  pressure 
distributions  at  M  «  7,  10,  and  12  Is  shown  for  a  total 
pressiire  behind  the  nozmal  shock  of  approximately  45  mm  Hg* 

The  surface  pressvtres  are  observed  to  decrease  as  Mach  ntunber 
Increases  from  7  to  12.  Figure  23  Is  a  similar  plot  for 
M  *•  10,  12,  and  14  at  Impact  pressvues  close  to  25  mm  Kg. 

At  this  pressure  level,  the  distributions  do  not  show  the 
Mach  number  trend  of  the  previous  figure;  the  M  «•  14  data 
are  above  the  M  -  12  pressxires.  However,  at  this  low  level 
of  Reynolds  number,  viscous  Interaction  Is  quite  evident 
and  the  discrepancy  may  be  due  to  the  fact  that  the  nose 
pressvu>es  were  not  exactly  duplicated;  further  testing  seems 
advisable  to  resolve  the  apparent  disagreement. 

While  testing  In  a  nozzle  of  given  nominal  Mach  number, 
the  streeun  Mach  number  was  different  at  each  Reynolds  nutober 
because  of  changes  In  the  boimdary  layer  thickness  on  the 
nozzle  walls.  These  changes  in  Mach  number,  of  the  order  of 
lj$,  were  too  small  to  produce  any  significant  effects  on  the 
pressxu'es,  as  may  be  noted  from  Figure  22.  Hence,  the 
Increase  In  pressures  observed  on  the  plate  with  stagnation 
pressure.  In  Flgvo’e  21,  can  be  Interpreted  as  being  caused 
only  by  Reynolds  number,  i.e.,  by  viscous  Interaction. 

This  same  figure  also  indicates  that  the  data  obtained  at 
the  high  Reynolds  number  is  very  close  to  the  Invlsold 
distributions . 


B.  Independence  of  Leading-Edge  Region  fron  Mach  and  Reynolds 
Numbers 

The  data  taken  from  the  cylinders  show  an  Independence 
from  both  stream  Mach  number  and  Reynolds  number.  In  the 
range  tested.  In  Reference  4,  an  ensplrlcal  expression  Is 


o 


given  which  adequately  describes  the  pressure  distribution 
about  cylinders  In  supersonic  flow*  A  modification  of  this 
e^qpresslon  to  the  form 


-  0.320  +  0.455  cose  +  0.195  cos2e  +  0.035  oos3© 

Pt2  -  0*005  cos4e  (1) 


applies  to  all  the  data  obtained  on  the  cylinders  In  the 
present  test  series  with  a  maximum  deviation  of  2*5^. 

Equation  (1)  has  been  plotted  with  the  data  of  the 
leading-edge  region.  Figures  25  to  33;  the  agreement  is 
excellent,  even  ifriien  the  model  Is  pitched  through  its  einglc- 
of -attack  range.  The  close  agreement  between  the  cylinder 
data  and  the  plate  leading  edge  data,  besides  revealing  Its 
Independence  to  Ilach  and  Reynolds  number.  Indicate  no  effect 
of  the  afterbody  on  the  nose  region.  For  example  the  pressure 
measured  at  the  shoulder  tdien  the  model  Is  pitched  to  15° 
on  the  expansion  side,  corresponds  to  the  cylinder  data  at 
0  =  1050.  Similarly,  on  the  con5)ression  side,  the  leading- 
edge  distribution  follows  the  cylinder  data  closely  until 
the  depart\ire  due  to  the  plate  angle-of -attack.  Therefore, 
Equation  (1)  may  be  used  to  describe  the  leading  edge  region 
of  the  cylindrical-nosed  flat  plate  vilth  excellent  accuracy 
over  the  vri.de  range  of  Mach  number  and  Reynolds  number 
examined  In  this  study. 


C.  Estimate  of  Errors 

In  an  e:q?erimontal  program,  eui  estimate  of  the  possible 
errors  in  the  data  is  required.  The  vrf.de  range  of  pressures 
measured  in  the  study,  from  8O.OO  to  O.50  mm  of  mercury, 
make  a  percentage  estimate  of  error  difficult.  Hovrever,  the 
standard  manometer  tediniques  used  during  the  tests  should 
produce  data  accurate  to  i^thln  IjS  at  pressure  levels  dovm 
to  2.00  mm  Hg  abs.  Belovi  this  pressure,  a  more  realistic 
estimate  of  the  errors  may  be  obtained  by  assuming  a 
relatively  constant  error  of  +  .025  mm  Hg.  This  value  is 
felt  to  be  appropriate,  despite  tlie  care  used  in  the 
manometry— e.g.,  copper  pressure  leads,  silver  soldered 
Joints,  Inclined  boards,  long  stabilization  periods, 
periodic  lealc  checks,  etc.  Hence,  the  percenter e  error  of  the 
pressure  on  the  plate  may  vary  from  less  than  Ifa  near  the 
nose  to  almost  10S6  near  the  trailing  edge  and/or  at  high, 
expansion  angles. 
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The  teoiperaturo  cieaeurem^ts  on  the  plate  Iiave  a 
maglmma  possible  error  of  -t-  10®n;  therefore,,  as  surface 
teeq^erattires  varied  from  750®R  to  1500°R,  the  naxlnmn 
peroentase  errors  I'angad  between  1  l/3f5  and  2/3^, 

The  wind  tunnel  test  conditions  v/ere  detcmlned  frexs 
the  laboratory  Instrucients,  vUilch  are  estinated  to  give 
the  following  naxlnm  possible  errors: 


Po  +  0.25^ 
To  +  O.SOjt 
H  +  O.SQji 
a  +  0,1° 
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SBCTION  V 
SUMMARY 


A  series  of  tests  lias  been  conducted  at  nominal  Mach 
numbers  of  7,  10,  12  and  14  on  a  flat  plate  having  a 
cylindrical  leading-edge  at  several  angles-of -attack  ranging 
through  +15°  for  several  Reynolds  numbers.  The  results  of 
the  tests^  are  summarized  by  the  following  comments: 

(1)  Wind  tunnel  Interference  occasionally  limited 
the  data  validity  at  euigles-of -attack.  The  Interference 
effects  were  confined  near  the  trailing  edge  and  the  data 
ahead  of  the  Influenced  region  were  valid.  These  data  eu'e 
presented  In  tabular  form  i^lle  typical  parts  are  plotted. 

(2)  The  spanwlse  distribution  of  the  three  rows  of 
streeuRwlse  taps  Indicated  two-dimensional  flow,  the  pressure 
variation  across  the  span  being  less  tlian  1^  of  the  Impact 
pressiu'e  at  the  nose. 

P)  When  the  wall  ten5>eratures  and  the  conditions 
the  normal  shock  are  matched,  the  plate  distributions 
are  found  to  be  only  sllglitly  Influenced  by  Mach  number, 
the  trend  being  towards  lowered  pressure  ratios  with 
Inci'easlng  Mach  nundser. 

(4)  At  a  given  Mach  number,  the  pressure  ratios 
Increased  i^th  decreasing  Reynolds  number.  Indicating  some 
viscous  Interaction  effects  were  encountered. 

(5)  Pressures  on  the  leading  edge  of  the  plate  euid 
on  the  cylinders  were  found  to  be  Independent  of  Mach 
niimber  and  Reynolds  number.  In  both  cases,  pressure 
distributions  vrere  accurately  described  by  an  eiiQilrloal 
relation.  Equation  1. 

(5)  As  this  Investigation  was  solely  of  an  experi¬ 
mental  nature,  no  attempt  was  made  to  correlate  the  results 
v/ith  the  available  theories.  Hovjever,  an  extensive  program, 
based  on  the  modified  Creager  method  of  Reference  5,  is  being 
carried  out  by  the  Flight  Dynamics  Laboratory  of  the 
Aeronautical  System  Division.  A  preliminary  result  of  the 
program,  sliowing  the  excellent  agreement  of  the  theory  with 
the  experimental  data  Is  presented  in  Figure  41. 
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Mno^Honb*> 


Cond. 


IABLB  I 

Flat  Plate  Test  Condltloas 


Haeh 

No. 

®R 

6.96 

58.7 

2060 

7,500 

44.6 

7.01 

104.7 

1560 

20,600 

79.4 

9.85 

164.7 

2060 

3,300 

26.0 

9.95 

306.7 

2060 

15,000 

46.2 

12.16 

339.7 

2090 

9,000 

19.8 

12.20 

514.7 

2060 

13,700 

29.7 

12.26 

814.7 

2060 

21,300 

45.5 

14.2 

714.7 

1910 

12,700 

19.9 

14.28 

914.7 

1910 

16,000 

24.8 
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XABUE  U 


Qlstrlbutloas  of  Fresiuro  anl  T«aperatur« 
OD  tta«  Blunt  FlJit  Plate  at  N  ■  7 


Condition  A 

M  .  6.96  Bejj  -  7500  P^^  -  ■»  Hg 


g  »  oP 

p/p^  TeB9.  ®F 


8/D 

L 

C 

R 

L 

0.26 

.871 

OTOT 

.. 

0 

«a«n 

1.000 

«>OT 

if 

0.26 

.816 

.. 

OTOT 

1 

0.32 

— 

.428 

I 

0.79 

MOT 

.142 

— 

m 

tt 

1.29 

.09V 

.096 

s  a 

1.79 

OTOT 

.083 

OTOT 

3.79 

.063 

.063 

k.T9 

OTOT 

.036 

— 

•1 

6.29 

.030 

OTOT 

.049 

6.79 

.047 

OTOT 

5  S 

■  ^ 

8.79 

.048 

.041 

.048 

11.29 

.035 

.038 

.034 

1 

13.79 

.031 

.034 

.030 

1 

M 

16.29 

.027 

.031 

.087 

9 

18.79 

.086 

.086 

.085 

5 

21.29 

OTOT 

.087 

.088 

1 

28.79 

OTOT 

— 

83.79 

.020 

.083 

.080 
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TABKB  U  (COBTXHOD) 
Gondition  A 


P/Ptg  Ten®.  ~  ®P 


S/D 

L 

fi 

R 

L 

R 

0.26 

1.005 

mm 

mmm 

0 

.. 

1.068 

mm 

mmm 

0.26 

.756 

.. 

mm 

mmm 

0.52 

— 

.358 

mmm 

0.79 

— 

.111 

•  •• 

mmm 

1.29 

.071 

— 

— 

857 

1.79 

mm 

.061 

••• 

... 

3.79 

.045 

.047 

710 

722 

4.79 

mm 

.036 

mmm 

6.29 

.036 

— 

.036 

630 

645 

6.79 

.034 

... 

... 

8.79 

.030 

.029 

.029 

600 

590 

11.29 

.024 

.026 

.025 

568 

5^ 

13.79 

.021 

.023 

.020 

549 

556 

16.29 

.019 

.021 

.017 

530 

18.79 

.017 

.019 

.017 

520 

527 

21»29 

mm 

.017 

.015 

515 

520 

22.79 

mm 

.015 

mm 

... 

23.79 

.014 

.014 

.012 

... 

••• 
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zAsis  n  (commuQ)) 
Condition  A 

a  miCp  txp 


^/^ta  Tenip.  ~  ®F 


s/d 

L 

C 

R 

L 

2 

o.e6 

.953 

mm 

mm 

mmm 

0 

.968 

mmm 

0.26 

.679 

-> 

mmm 

mmm 

0.52 

— 

•297 

mmm 

mmm 

0.79 

mm 

.069 

mmm 

mmm 

1.29 

.05^ 

» 

.055 

878 

mmm 

1.79 

.046 

mmm 

3-79 

.034 

— 

.035 

743 

752 

l*.79 

-- 

.031 

mm 

6.29 

.026 

mm 

.026 

660 

690 

6.79 

.023 

mm 

3.79 

i.022 

.021 

.022 

641 

6S^ 

U.29 

.017 

.017 

.017 

615 

624 

13.79 

.015 

.015 

.014 

597 

607 

16.29 

.014 

.014 

.012 

589 

lfl.79 

.013 

.013 

.011 

599 

597 

21.29 

.012 

.011 

600 

604 

2^.79 

— 

.010 

mmm 

TABI2  II  (OOHIEIHISD) 
Condition  A 

a  -  15° 


M 


'ZASLS  II  (cammJBD) 
Condition  A 
a  ■  5°  Coco 


P/P-ig  Tffi'p. 


S/D 

L 

C 

R 

R 

0.26 

.805 

0 

— 

. 

U.26 

.873 

— 

0.p2 

«»«■ 

— 

.504 

mmm 

0.79 

.177 

«»• 

mmm 

1.29 

.122 

.126 

:o: 

1.79 

«»«> 

.107 

mm 

mmm 

3.79 

.064 

mm 

.036 

: 

TS2 

4.79 

•- 

.Ocil 

•• 

••• 

••• 

6.29 

.069 

mm 

.068 

71j 

722 

6.79 

mm 

.064 

•• 

•  •• 

••• 

8.79 

.060 

.059 

.059 

8.0 

665 

U.29 

.053 

.054 

.032 

65; 

660 

13.79 

.048 

.050 

.047 

641 

642 

16.29 

.044 

.048 

.043 

630. 

... 

18.79 

.041 

.044 

.040 

624 

627 

21.29 

.042 

.036 

612 

61& 

22.79 

•• 

.040 

mm 

23.-^ 

.035 

.035 

.033 
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TABIS  n  (CORZMUD)) 
Condition  A 
g  ■  loP  Cotap 


P/Ptg  Tenp  ~®P 


S/D 

L 

c 

R 

L 

R 

0.26 

.7IA 

__ 

MM 

... 

0 

>• 

.985 

MM 

... 

... 

0.26 

.920 

«•«» 

— 

MMM 

MMM 

0.^ 

MM 

.581 

MMM 

MMM 

0.79 

.219 

MM 

... 

MMM 

1.29 

.159 

— 

.163 

911 

MMM 

1.79 

.137 

— 

... 

... 

2.79 

MM 

MM 

... 

... 

3.79 

.114 

.115 

783 

784 

‘>.79 

.102 

-- 

MMM 

... 

6.29 

.097 

MM 

.097 

724 

730 

6.79 

.. 

.092 

MM 

MMM 

... 

8.79 

.068 

.087 

.088 

686 

693 

11.29 

.081 

.064 

.079 

665 

668 

13.79 

.075 

.080 

.074 

650 

650 

16.29 

.073 

.077 

.070 

640 

... 

lfl.79 

.070 

.075 

.068 

631 

635 

21.29 

— 

.072 

.067 

620 

625 

22.79 

23.79 

.065 

.071 

MM 

.063 

MMM 

MMM 

MMM 
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zttiB  n  (coRmD) 


Coodltlott  B 


M  -  7.01 


Rejj  -  20,600 


Ft.  -  79.‘»  ■■  Bg 


O.OP 


Teq^.  ,s.°W 


8/D 

L 

c 

R 

L 

0.26 

— 

•«» 

_  ^ 

0 

1.00 

0.26 

0.52 

— 

.405 

0.79 

— 

.125 

-j  —  ^ 

1.29 

.066 

.067 

(m 

1.79 

-« 

.076 

3-79 

.059 

.060 

599 

k.T9 

— 

.055 

6,29 

.Ola 

.046 

547 

6.79 

~ 

.043 

8.79 

.038 

.038 

.039 

506 

11.29 

.034 

.034 

.027 

487 

13.79 

.029 

.031 

.022 

469 

16.29 

.025 

.029 

.025 

457 

ia.79 

.024 

.026 

.023 

448 

21.29 

— 

.024 

.022 

440 

22.79 

— 

.023 

23.79 

.019 

.022 

.018 

— , 

O  ^  Si  P  a  a  8?  8? 

O  O  O  H  H  rr»  Jt  vO  VO  CO  ^  Sl  81  8l 


TABLB  II  (COHTIBUBD) 

Condition  B 

g  ■  loP  Kxp 


P/Pfc» 


Tengp.  ~°r 


8/D 

0.26 


L 

c 

R 

L 

R 

— 

.989 

mm 

__ 

•• 

mm 

.2B2 

mmm 

mmm 

mmm 

— 

.079 

— 

mmm 

mmm 

oitS 

— 

.0l«8 

712 

— 

.043 

mmm 

032 

— 

.032 

624 

6S9 

.027 

mmm 

024 

mm 

.02$ 

5T9 

584 

•• 

.022 

mm 

mmm 

020 

.019 

.020 

551 

557 

016 

.017 

.017 

533 

535 

014 

.015 

.013 

519 

520 

012 

.013 

.012 

514 

... 

Oil 

.012 

.010 

yid 

508 

— 

.011 

.010 

302 

502 

.010 

M 

mmm 

“““ 
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TABU  U  (COnXIMUBD) 
Condition  B 


8/0 

L 

c 

0.26 

mm 

0 

0.26 

-• 

.989 

0.52 

•  • 

mm 

0.79 

.202 

1-29 

.149 

1.79 

— 

.132 

3.79 

.106 

4.79 

— 

.097 

6.29 

.092 

6.79 

.087 

8.79 

.064 

.082 

U.29 

.078 

.078 

13.79 

.073 

.075 

16.29 

.0^ 

.074 

18.79 

.067 

.072 

21.29 

— 

.0^ 

22.79 

— 

23.79 

.060 

.065 

Tenq?.  ~°F 


R 

L 

R 

••• 

MMM 

MMM 

— 

MMM 

.569 

«M» 

MMM 

— 

MMM 

.152 

727 

MM. 

•• 

MMM 

MMM 

.109 

651 

651 

MM 

MMM 

MMM 

.093 

610 

610 

MM 

mmm 

MMM 

.063 

584 

588 

.076 

568 

568 

.068 

559 

558 

.067 

549 

MMM 

.065 

544 

544 

.061 

537 

538 

•• 

MMM 

MMM 

.057 

MMM 

MMM 
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TABU  II  (COREIRUBD) 
Condition  B 


P/Pta 


S/D 

L 

C 

0.26 

0 

— 

.995 

0.26 

•  • 

0.52 

— 

0.79 

— 

.099 

1.29 

.064 

1.79 

— 

.057 

3.79 

.043 

— 

4.79 

— 

.037 

6.29 

.033 

— 

6.79 

— 

.031 

8.79 

.027 

.027 

11.29 

.023 

.023 

13.79 

.020 

.021 

16.29 

.017 

.019 

18.79 

.015 

.017 

21.29 

— 

.016 

22.79 

— 

.015 

23.79 

.012 

.013 

Temp. 


R 

L 

R 

339 

mmm 

— 

065 

702 

«•••• 

044 

617 

619 

033 

5ffl 

571 

027 

539 

543 

022 

518 

520 

019 

507 

506 

016 

497 

... 

015 

489 

491 

014 

487 

488 

012 

21 


IABI2  II  (CCnnilUED) 
Condition  B 
0[_2_22_SSSt 


P/I’ta 


S/D 

L 

c 

0.26 

0 

«- 

•995 

0.26 

•  • 

0.52 

— 

0.79 

.164 

1.29 

.113 

1.79 

— 

.100 

3-79 

.078 

__ 

1*.79 

.069 

6.29 

.064 

6.79 

.060 

8.79 

.055 

.055 

11.29 

.049 

.051 

13.79 

.045 

.047 

16.29 

.041 

.045 

18.79 

.039 

.042 

21.29 

.040 

22.79 

— 

.039 

23.79 

.033 

.036 

Temp. 


R 

L 

R 

VMM 

VMM 

— 

MMM 

— 

MMM 

.481 

— 

— 

.115 

-J  1 
to  1 

0\  I 

— 

.079 

643 

644 

••w 

MMM 

.064 

599 

602 

mmm 

MMM 

.055 

576 

579 

.048 

560 

560 

.044 

550 

550 

.040 

54^ 

.03B 

538 

5? 

.035 

532 

532 

MV 

VMM 

MMM 

.032 

.M. 

MMM 

22 


TABUS  IZ  (CCRTmUBD) 
Condition  B 

g  -  15°  Exp 


P/Ptg  Tenp.  ~°F 


S/D 

L 

C 

R 

L 

R 

0.26 

__ 

mm 

mmm 

... 

0 

.966 

... 

mmm 

... 

0.26 

— 

... 

— 

mmm 

... 

0.52 

.234 

mmm 

... 

0.79 

— 

.063 

mmm 

... 

1.29 

.036 

— 

.036 

711 

... 

1.79 

-- 

.031 

.. 

— 

... 

3.79 

.023 

.024 

632 

636 

4.79 

— 

.021 

•  •• 

... 

6.29 

.018 

— 

.018 

589 

598 

6.79 

.017 

.. 

... 

8.79 

.014 

.014 

.015 

565 

568 

11.29 

.013 

.012 

.012 

548 

549 

13.79 

.012 

.011 

.010 

537 

538 

16.29 

.012 

.010 

.009 

533 

IB.79 

— 

— 

537 

537 

21.29 

— 

548 

548 

22.79 

— 

— 

... 

23.79 

~ 

— 

... 

... 

23 


lABIS  m 


Distributions  of  Pressure  and  Tesg^rature 
on  the  Blunt  Flat  Plate  at  M  ■  10 


Condition  C 

M  > 

9.85 

««D 

-  8,300 

Pta 

■  26  mm 

0, 

-  0° 

I’/Pta 

Tengp. 

8/D 

L 

C 

R 

L 

R 

0.26 

.882 

... 

0 

— 

1.00 

•  • 

••• 

... 

0.26 

.804 

» 

•• 

... 

0.52 

mm 

.150 

... 

0.79 

mm 

.139 

— 

atsaas 

... 

1.29 

.093 

— 

.092 

791 

1.79 

mm 

.075 

... 

3.79 

.057 

>• 

.056 

665 

673 

4.79 

mm 

.047 

... 

mmm 

6.29 

.043 

— 

.042 

601 

6U 

6.79 

.041 

.. 

... 

... 

8.79 

.036 

.035 

.034 

559 

569 

11.29 

.026 

.031 

.028 

551 

55'i 

13.79 

.023 

.027 

.02l( 

512 

519 

16.29 

.021 

.023 

.020 

501 

... 

18.79 

mm 

— 

>• 

491 

466 

21.29 

mm 

.020 

.019 

487 

487 

22.79 

mm 

.017 

— 

... 

... 

23.79 

mm 

— 

— 

... 

24 


O  O  O  H  H  «0^  \0  VO  CO  ^  ^  o|  Si  M 


SABIZ  HI  (COHIXHUID) 

Condition  C 

g  ■  5^  Coro 


P/Pt. 


!taap. 


L 

C 

R 

L 

R 

803 

mm 

WWW 

— 

.997 

— 

MW* 

WWW 

860 

— 

~ 

WWW 

... 

— 

— 

.493 

WWW 

WWW 

~ 

.174 

WWW 

WWW 

123 

— 

.121 

805 

WWW 

.. 

.100 

WWW 

WWW 

078 

— 

.077 

691 

690 

a«i 

.064 

WWW 

... 

060 

— 

.058 

630 

632 

««• 

.056 

•• 

WWW 

... 

051 

.052 

.048 

563 

599 

043 

.045 

.042 

551 

562 

038 

.041 

.038 

549 

550 

036 

.038 

.033 

534 

WWW 

— 

— 

~ 

52B 

530 

— 

.034 

.032 

538 

520 

— 

.031 

— 

WWW 

029 

.028 

.028 

— 

WWW 

25 


OMBIE  III  (CCNTmUED) 


Condition  C 

0  -  10® 

Caap 

P/Pta 

len^. 

~®P 

S/D 

L 

C 

R 

L 

R 

0.26 

.728 

0 

— 

.983 

OTOTOT 

___ 

0.26 

.908 

OTOTOT 

OTOTOT 

0.52 

~ 

— 

.300 

OTOTOT 

OTOTOT 

0.79 

.217 

OTOT 

OTOTOT 

OTOTOT 

1.29 

.156 

— 

.156 

814 

OTOTOT 

1.79 

— 

.131 

.. 

OTOTOT 

OTOTOT 

3.79 

.091 

OTOT 

.089 

698 

702 

4.79 

— 

.091 

OTOT 

OTOTOT 

6.29 

.086 

>• 

.085 

639 

641 

6.79 

.081 

OTOT 

OTOTOT 

OTOTOT 

8.79 

.078 

.077 

.074 

601 

609 

11.29 

.071 

.071 

.068 

575 

576 

13.79 

.066 

.069 

.066 

560 

5^ 

16.29 

— 

— 

WOT 

555 

lfl.79 

~ 

OTOT 

542 

550 

21.29 

MOT 

OT. 

530 

542 

22.79 

“ 

— 

OTOT 

OTOTOT 

23.79 

OTOT 

>- 

OTOT 

OTOTOT 

OTOTOT 

26 


!EABB  m  (camHOD)) 
Condition  C 

a  ■  ^  Exo 


P/Pt,  leap.  ~  ®P 


S/0 

L 

c 

s 

L 

R 

0.26 

1.3lt0 

••• 

mmm 

0 

— 

.997 

MM* 

0.26 

.737 

— 

0.52 

— 

— 

.3W 

MM* 

.MM 

0.79 

— 

.110 

— 

MMM 

MMM 

1.29 

.073 

— 

.070 

783 

MMM 

1.79 

>- 

.060 

.. 

MMM 

3.79 

.042 

— 

.042 

658 

671 

>♦.79 

.035 

MMM 

6.29 

.031 

— 

.025 

591 

601 

6.79 

.029 

•• 

... 

... 

8.79 

.016 

.023 

.024 

550 

560 

11.29 

.021 

.022 

.020 

521 

524 

13.79 

.016 

.018 

.017 

502 

509 

16.29 

.014 

.016 

.014 

l«69 

... 

lfl.79 

,014 

.014 

.012 

481 

487 

21.29 

— 

— 

— 

481 

479 

22.79 

— 

— 

... 

MMM 

23.79 

.011 

.011 

.ou 

... 

MMM 

27 


1 


TABII  ZU  (CORCnnOD) 
Condition  C 

g  ■  iflP  fccD 


P/Pt,  Tm®.  ~  ®F 


8/b 

L 

c 

R 

L 

R 

0.26 

.947 

mm, 

••• 

0 

•• 

.»3 

... 

0.26 

.666 

— 

0.52 

— 

.267 

mmm 

0.79 

.061 

-• 

••• 

mmm 

1.29 

.054 

-> 

.053 

763 

mmm 

1.79 

I.. 

.042 

... 

mmm 

3.79 

.032 

.029 

631 

643 

V.79 

mm 

.027 

mmm 

6.29 

.024 

mm 

.024 

611 

&3 

6.79 

•• 

.021 

•• 

... 

mmm 

0.79 

.010 

.010 

.016 

513 

527 

U.29 

.015 

.016 

.014 

402 

491 

13.78 

.012 

.013 

.OU 

461 

473 

16.29 

.011 

.011 

.011 

451 

... 

10.79 

mm 

443 

451 

21.29 

«»« 

mm 

450 

4^ 

22.79 

— 

mm 

23.79 

~ 

— 

— 

... 

... 

TABU  zn  (coaimuBD) 

Condition  C 

g  ■  1^  &a> 


P/Pta 


S/D 

L 

c 

0.26 

.988 

•• 

0 

— 

.969 

0.26 

.591 

— 

0.52 

— 

“ 

0.79 

— 

.067 

1.29 

.041 

— 

1.79 

— 

.031 

3.79 

.022 

— 

4.79 

>- 

.018 

6.29 

.018 

— 

6.79 

— 

.015 

8.79 

.014 

.014 

U.29 

.013 

.011 

13.79 

— 

16.29 

— 

— 

18.79 

— 

— 

21.29 

— 

— 

22.79 

— 

— 

23.79 

— 

— 

lenq?.  ~°F 


R 

L 

R 

236 

— 

— 

039 

722 

— 

022 

573 

591 

018 

491 

5U 

014 

432 

451 

013 

419 

410 

400 

414 

391 

391 

402 

— 

386 

413 

m»m^ 

mmm 

29 


TABU  in  (CORFIHIBD) 

C(»dltloQ  D 

M  - 

9.95 

®«D 

-  15,000 

^t,  - 

46.2  Bn  Hg 

B  ■  QP 

P/Pt, 

Tesqp. 

1 

8/D 

i 

L 

C 

R 

L 

R 

1  0.26 

.861 

mm 

_ 

1  0 

— 

1.00 

•• 

1  0.26 

.791 

— 

1  0.52 

<•« 

.410 

nain 

0.79 

.131 

•• 

mmm 

nnn 

!  1.29 

.089 

mm 

.088 

885 

•»nn 

1.79 

mm 

.074 

... 

3.79 

.056 

mm 

.055 

750 

754 

4.79 

.047 

6.29 

.042 

mm 

.040 

683 

690 

6.79 

.039 

mm 

8.79 

.034 

.034 

.033 

642 

5o 

11.29 

.028 

.031 

.020 

619 

618 

13.79 

.024 

.026 

•023 

603 

603 

16.29 

.021 

.023 

.020 

592 

18.79 

.019 

.021 

.018 

583 

^3 

21.29 

mm 

.021 

.017 

575 

575 

22.79 

mm 

.019 

mm 

i  23.79 

j 

f 

! 

1 

.013 

.017 

.015 

30 

lABii  m  (ccmunBD) 


P/Pt,  lenp.  ~®F 


B/n 

L 

C 

R 

L 

R 

0.26 

.913 

mm 

— 

0 

.998 

mm 

mmm 

aaa 

0.26 

.847 

mm 

mmm 

aaa 

0.32 

— 

.486 

mmm 

aaa 

0.79 

.167 

mmm 

aaa 

1.29 

.116 

— 

.116 

892 

aaa 

1.79 

.099 

mmm 

aaa 

3.79 

.075 

mm 

.076 

757 

762 

4.79 

.065 

aaa 

6.29 

.058 

— 

.038 

^3 

696 

6.79 

«•« 

.055 

•  a 

aaa 

8.79 

.049 

.049 

.047 

631 

661 

U.29 

.043 

.045 

.041 

626 

627 

13.79 

.038 

.040 

.035 

610 

610 

16.29 

.035 

.037 

.033 

603  - 

aaa 

18.79 

.032 

.035 

.030 

590 

599 

21.29 

— 

.033 

.028 

584 

582 

22.79 

mm 

.031 

•a 

23.79 

.026 

.026 

.024 

aaa 

aaa 

31 


TABLE  III  (COMIXmiBD) 
a  m  iqP  Comp 


p/p,. 


8/0 

L 

C 

0.26 

.724 

MM 

0 

— 

.988 

0.26 

.897 

0.52 

0.79 

.204 

1.29 

.149 

1.79 

— 

.I2S 

3.79 

.101 

MM 

4.79 

«•« 

.088 

6.29 

.063 

6.79 

.079 

8.79 

.073 

.073 

11.29 

.067 

.069 

13.79 

.063 

.066 

16.29 

.060 

.063 

lfl.79 

.038 

.060 

21.29 

— 

.058 

22.79 

MM 

23.79 

.053 

.053 

Tenp.  M**? 


R 

L 

R 

MM 

MMM 

MMM 

MM 

MM. 

MMM 

MM 

MMM 

MMM 

.560 

MMM 

MMM 

MM 

MMM 

MMM 

.149 

834 

MMM 

“ 

MMM 

MMM 

.101 

744 

751 

MMM 

MMM 

.081 

6B4 

692 

MM 

MMM 

MMM 

.071 

648 

654 

.064 

623 

623 

.058 

MMM 

611 

.056 

MMM 

055 

MM. 

MMM 

055 

M  — 

— 

055 

MMM 
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lABxs  m  (oomms)) 

Condition  D 
o«  Kap 


P/Pt. 


sfn 

L 

c 

0.26 

.801 

.. 

0 

.994 

0.26 

.587 

— 

0.^2 

— 

0.79 

— 

.062 

1.29 

.037 

— 

1.79 

— 

.029 

3-79 

.022 

— 

4.79 

.oiB 

6.29 

.016 

6.79 

.015 

8.79 

.013 

.013 

U.29 

.010 

.011 

13.79 

.006 

.009 

16.29 

.009 

.008 

18.79 

— 

21.29 

— 

22.79 

— 

23.79 

— 

-• 

Xegp.  ~®f 


R 

L 

R 

MM 

MM 

MMM 

MMM 

MMM 

.225 

MMM 

MMM 

MMM 

MMM 

.036 

795 

MMM 

MM 

MMM 

MMM 

.022 

682 

693 

MM 

MMM 

MMM 

.015 

599 

613 

MM 

MMM 

MMM 

.013 

544 

555 

.010 

505 

526 

.008 

481 

492 

.007 

470 

.IM.. 

MM 

471 

479 

•  M 

4^ 

493 

MM 

— 

MMM 

MM 

MMM 

33 


XABII  HI  (COHIinBD) 
Condition  D 

a«  5°  »XP 


P/Ptjj  Tenp.  ~®P 


S/D 

L 

C 

R 

L 

R 

0.26 

.885 

mm 

MMM 

_ 

0 

— 

1.006 

MMM 

MMM 

0.26 

.730 

.. 

MM 

MMM 

MMM 

0.52 

— 

— 

.340 

MMM 

0.79 

— 

.104 

MMM 

MMM 

1.29 

.067 

— 

.066 

879 

MMM 

1.79 

— 

.056 

MM 

MMM 

3.79 

.041 

.042 

742 

752 

4.79 

.034 

MM 

MMM 

6.29 

.031 

.029 

674 

683 

6.79 

.028 

MM 

MMM 

8.79 

.025 

.024 

.024 

634 

642 

11.29 

.020 

.021 

.019 

610 

612 

13.79 

.017 

.017 

.016 

593 

594 

16.29 

.015 

.016 

.013 

587 

18.79 

.012 

.014 

.012 

572 

21.29 

.014 

.010 

563 

564 

22.79 

— 

.009 

— 

MMM 

MMM 

23.79 

— 

— 

MM 

MMM 

MMM 
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XABU  III  (COnXItBD) 
Condition  D 

g  ■  loP  Bxa 


P/Pta 


8/D 

L 

c 

0.26 

.920 

•• 

0 

1.000 

0.26 

.661 

.. 

0.52 

.. 

0.79 

>- 

.081 

1.29 

.050 

1.79 

— 

.041 

3.79 

.031 

•» 

4.79 

.025 

6.29 

.023 

mm 

6.79 

— 

.021 

8.79 

.018 

.017 

11.29 

.014 

.016 

13.79 

.011 

.012 

16.29 

.010 

.010 

10.79 

.009 

.010 

21.29 

— 

.010 

22.79 

.009 

23.79 

.008 

.008 

Tenp. 


R 

»•» 

L 

R 

•  • 

.280 

.049 

819 

— 

.030 

714 

724 

.021 

654 

661 

.016 

610 

.013 

582 

587 

.011 

561 

571 

.009 

553 

... 

.008 

549 

551 

.008 

540 

542 

.0^ 

es 

mmm 

35 


ZABIS  IV 


Dlfltrlbutlaii*  of  Aressxire  and  leiqwrature 
OQ  tbe  Blunt  flat  Plate  at  M  ■  12 


Cooditlon  S 


M  - 

12.16 

®®D" 

9,000 

Pta 

■  19.8 

a  ■ 

P/Pt, 

Teq;>. 

~<»P 

x/t 

L 

c 

R 

L 

R 

0.26 

.866 

mm 

••WOT 

OTOTOT 

0 

1.000 

mm 

•  OTOT 

OTOTOT 

0.26 

.809 

.. 

.. 

OTOTOT 

... 

0.52 

.413 

OTOT. 

... 

0.79 

.138 

•• 

OTOTOT 

OTOTOT 

1.29 

.092 

a»«» 

.093 

762 

757 

1.79 

~m 

.075 

.. 

OTOTOT 

... 

3.79 

.058 

.056 

639 

650 

4.79 

«a« 

.047 

— 

... 

OTOTOT 

6.29 

.041 

.043 

579 

590 

6.79 

.041 

... 

... 

8.79 

.034 

.036 

.034 

93B 

550 

11.29 

.034 

.032 

.030 

514 

524 

13.79 

.025 

.025 

.oaB 

497 

503 

16.29 

.022 

.022 

.027 

lies 

... 

18.79 

.020 

— 

.020 

472 

480 

21.29 

— 

— 

... 

... 

22.79 

mm 

— 

OTOTOT 

mmm 

23.79 

— 

~ 

mm 

... 

.mm 

36 


o  "s  p  a  gi  gi  gi  a  gi  gi  a  gi  a  a  gi 

•  •••••••••••••••• 

O  O  O  H  H  ro-zt  VO  NO  CO  H  COVO  GO  H  W 


TABI8  IV  (CORTIHUBD) 

Condltlcm  £ 

g  ■  5°  Bxp 


P/Pta 


Tenp.  ~®F 


x/d  L  C  R 


.919 

— 

1.000 

— 

.742 

— 

— 

— 

.346 

-«• 

.110 

.073 

.. 

.073 

•> 

.058 

.043 

•  043 

— 

.034 

— 

.030 

— 

.032 

— 

.030 

— 

.026 

.025 

.026 

.023 

.023 

.030 

.017 

.015 

.017 

.015 

.014 

.015 

.015 

.014 

.012 

— 

.017 

.014 

-- 

.012 

L  R 
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T«m>«ratur8  itoeordar  laoperatlva 
on  tbl*  Teat 


naa  IV  (conemsD) 

CoodlttOD  F 

M  -  12  Reu  -  13,700  -  29.7  m  He 

tt»  oP 

P/B|^  leap.  ~®F 


Vd 

L 

c 

R 

L 

0.26 

.875 

— 

0 

1.000 

0.26 

.813 

— 

0.52 

— 

— 

... 

0.79 

... 

.135 

«»•» 

.... 

1.29 

.066 

-« 

.065 

797 

1.79 

.072 

... 

3*79 

.054 

— 

.054 

687 

4.79 

.045 

... 

6.29 

.040 

— 

.040 

633 

6.79 

.035 

~ 

... 

8.79 

.032 

.032 

.029 

99? 

U.29 

.026 

.028 

*025 

?78 

13*79 

.021 

.025 

.020 

963 

16.29 

.020 

.022 

.018 

952 

18.79 

.018 

.020 

.017 

548 

21.29 

—• 

.018 

.017 

546 

22.79 

.017 

— 

23*79 

.014 

.017 

.014 

... 
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1 1  i  I  i  i 


IABI£  ZV  (COKEZMUSD) 
Condition  F 

a  m  10°  Bxp 


P/Pt. 


x/d 

L 

C 

0.26 

.955 

•  • 

0 

.983 

0.26 

.665 

— 

0.52 

— 

0.79 

— 

.085 

1.29 

.047 

— 

1.79 

— 

.036 

3.79 

.032 

— 

4.79 

— 

.026 

6.29 

.023 

— • 

6.79 

.023 

8.79 

.021 

.019 

11.29 

.017 

.017 

13-79 

.015 

.012 

16.29 

— 

.010 

Temp. 


R 

L 

B 

.263 

— 

.064 

765 

7a 

.032 

6^ 

670 

.025 

602 

614 

.019 

570 

580 

.015 

550 

558 

.013 

539 

549 

.012 

526 

... 
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TIBIX  IV  (CCVnOD) 
Ccmdltlon  F 


P/P^  TeBq|>.  ®P 


x/i 

L 

C 

R 

L 

R 

0.26 

.805 

mm 

... 

0 

•• 

.99^^ 

mm 

... 

0.26 

.875 

— 

mm 

— 

... 

0.^ 

— 

>- 

.471 

... 

0.79 

— 

.166 

.. 

... 

... 

1.29 

.IC^ 

— 

.109 

636 

619 

1.79 

— 

.090 

... 

3.79 

.072 

— 

.072 

706 

715 

4.79 

«« 

.059 

■»«» 

... 

... 

6.29 

— 

.053 

652 

660 

6.79 

mm 

.049 

... 

mmm 

8.79 

.044 

.044 

.044 

6lB 

625 

11.29 

.03B 

.038 

.037 

598 

600 

13.79 

.034 

.037 

.034 

583 

585 

16.29 

.032 

.0418 

.032 

570 

... 

IB.79 

.032 

.032 

.032 

566 

569 

21.29 

— 

.026 

.029 

559 

559 

22.79 

.. 

.028 

» 

... 

... 

23.79 

.028 

.025 

.029 

— 

... 
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lABIl  IV  (COHIIHUID) 

Condition  F 

a  ■  10°  Coop 


P/Pfcj  Teinp.  ~  ®P 


Vd 

L 

c 

H 

L 

B 

0.26 

.731 

mm 

mmm 

mmm 

0 

.978 

•  • 

mmm 

mmm 

0.26 

.924 

•  • 

mmm 

0.52 

— 

— 

.554 

mmm 

mmm 

0.79 

— 

.212 

mmm 

mmm 

1.29 

.143 

— 

.143 

807 

800 

1.79 

— 

.120 

— 

... 

3.79 

.096 

— 

.097 

675 

6B3 

4.79 

-> 

.081 

■»« 

•  •• 

6.29 

.076 

.078 

610 

618 

6.79 

— 

.072 

— 

8.79 

•  .068 

.067 

.065 

565 

578 

11.29 

.061 

.062 

.059 

537 

546 

13.79 

— 

— 

517 

520 

16.29 

— 

— 

.. 

500 

... 

lfl.79 

~ 

>- 

464 

469 

21.29 

— 

— 

— 

475 

479 

22.79 

— 

— 

— 

•  •• 

23.79 

— 

— 

» 

... 
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lABIE  IV  (COKTUIUSD) 
Condition  F 

g  »  15°  Coro 


P/Pt, 


x/d 

L 

c 

R 

0.26 

.652 

AM 

MB 

0 

— 

.948 

0.26 

.964 

— 

0.52 

— 

.633 

0.79 

— 

.259 

>- 

1.29 

.162 

.. 

.184 

1.79 

— 

.158 

— 

3.79 

.138 

.. 

.140 

4.79 

.126 

.. 

6.29 

.144 

— 

.143 

6.79 

~ 

.165 

m 


XABI2  IV  (ccnmnsD) 
Condition  F 
am  ^  Bxp 


Tesqp.  ~®F 


x/d  L  C 


R 


L  R 


0.26 

.921 

— 

0 

— 

.996 

— 

0.26 

.738 

— 

“ 

0.52 

— 

.333 

0.79 

.103 

mm 

1.29 

.065 

.064 

1.79 

— 

.053 

.. 

3.79 

.040 

.041 

4.79 

.032 

— 

6.29 

.026 

.026 

6.79 

— 

.026 

8.79 

.022 

.023 

.022 

11.29 

.019 

.019 

.029 

13.79 

.018 

.020 

.014 

16.29 

.015 

.018 

.017 

18.79 

.014 

.014 

.014 

I 
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•AT)*x«doax  avpaooitf  Minu*d<Ma 


lABIZ  IV  (CORCIHUBD) 
Condition  F 
g  -  10°  Bxp 


P/Pt,  Ten?).  ~  °P 


x/d 

L 

c 

R 

L 

R 

0.26 

.962 

•  a. 

... 

0 

— 

.986 

— 

... 

0.26 

.660 

— 

— 

... 

0.52 

— 

.277 

... 

0.79 

— 

.082 

... 

1.29 

.049 

.049 

804 

800 

1.79 

— 

.040 

— 

... 

— . 

3.79 

.031 

.029 

677 

686 

4.79 

— 

.025 

— 

... 

... 

6.29 

.019 

— 

.022 

616 

628 

6.79 

-- 

.019 

— 

... 

... 

8.79 

.016 

.017 

.016 

579 

586 

U.29 

.014 

.013 

.014 

551 

560 

13.79 

.012 

.012 

.OU 

536 

545 

16.29 

.012 

.011 

.ou 

525 

... 

IS.79 

.011 

.009 

.008 

517 

523 

21.29 

— 

— 

— 

511 

518 
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TABIS  IV  (CGRTZBUBD) 


Ccodltloc  0 

M  -  12.26 

®eD  “ 

21,300 

- 

45.5  m 

or 

»  0° 

P/Pta 

Tenp. 

~«P 

s/d 

L 

C 

R 

L 

R 

0.26 

.882 

•• 

•  •• 

... 

0 

1.00 

... 

... 

0.26 

.806 

.. 

— 

... 

... 

0.52 

«s«s 

— 

.397 

... 

... 

0.79 

■l«S 

.126 

— 

... 

... 

1.29 

.082 

.082 

857 

859 

1.79 

— 

.069 

•• 

... 

... 

3-79 

.052 

— 

.053 

721 

738 

4.79 

.043 

... 

... 

6.29 

.038 

— 

.039 

656 

670 

6.79 

•as 

.035 

— 

... 

... 

8.79 

.031 

.031 

.030 

6U 

625 

11.29 

.025 

.025 

.024 

580 

598 

13.79 

.021 

.023 

.020 

560 

568 

16.29 

.018 

.021 

.018 

543 

... 

18.79 

— 

535 

540 

21.29 

~ 

~ 

— 

524 

526 
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TAB1£  IV  (CONimiED) 
Condition  Q 
g  ■  5P  Coigp 


P/Pt, 


s/d 

L 

C 

0.26 

.819 

0 

— 

1.002 

0.26 

.879 

0.52 

— 

0.79 

— 

.160 

1.29 

.106 

1.79 

— 

.091 

3.79 

.070 

— 

4.79 

— 

.059 

6.29 

.053 

6.79 

— 

.049 

8.79 

.044 

.044 

11.29 

.038 

.038 

13.79 

.034 

.037 

16.29 

.033 

.037 

18.79 

.030 

.030 

21.29 

— 

.026 

22.79 

— 

.024 

23.79 

.023 

.023 

Tenp.  ~°F 


R 

L 

R 

.473 

— 

.107 

862 

862 

.070 

722 

742 

.053 

658 

672 

.043 

615 

630 

.037 

568 

597 

.032 

567 

575 

.030 

550 

... 

.028 

540 

548 

.026 

530 

537 

.022 

m^m 
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TABI£  IV  (CCRmiUBD) 


Condition  0 

am  10® 

Cogp 

P/Pta 

Tes^. 

~®F 

s/d 

L 

C 

R 

L 

R 

0.26 

.747 

•  • 

... 

0 

— 

.988 

— 

— 

... 

0.26 

.946 

— 

— 

— 

— - 

0.52 

— 

— 

.553 

— 

— 

0.79 

.203 

— 

— . 

... 

1.29 

.139 

— 

.141 

868 

845 

1.79 

— 

.115 

— 

— 

... 

3.79 

.096 

— 

.096 

716 

730 

4.79 

.082 

MW 

... 

... 

6.29 

.077 

— 

.077 

650 

660 

6.79 

.. 

.072 

MW 

... 

... 

8.79 

.067 

.066 

.066 

600 

612 

11.29 

.061 

.062 

.060 

569 

579 

13.79 

— 

— > 

— 

549 

552 

16.29 

— 

— 

— 

530 

... 

18.79 

— 

-> 

— 

521 

526 

21.29 

~ 

— 

~ 

511 

518 

48 


s/d 

0.26 

0 

0.26 

0.52 

0.79 

1.29 

1.79 

3.79 

4.79 

6.29 

6.79 

8.79 

11.29 


TABIB  IV  (COMHHUBD) 

Condition  Q 

g  ■  ig!°  Coup 

TsflDQp.  ^  V 


L 

C 

R 

L 

R 

.645 

— 

— 

.940 

1 

mmm 

.976 

““ 

mm 

.617 

• 

8 

mmm 

.248 

— 

... 

0  1 

mmm 

.176 

— 

.176 

g  8 

mmm 

mm 

.153 

mmm 

.129 

— 

.127 

&  ft 

•  S 

mmm 

.111 

.112 

mm 

.ni 

•  •• 

A 

m  t 

mmm 

mmm 

.113 

mm 

•  •  m 

tf 

mmm 

.105 

.113 

.105 

mmm 

mmm 

.116 

.127 

.125 

mmm 

8 

lABIS  IV  (CGHTIHUBD) 

Condition  Q 

g  ■  15°  Bxp 


P/Pt,  Temp.  ~  °F 


s/d 

L 

c 

R 

L 

R 

0.26 

.968 

mm 

mmm 

0 

— 

.924 

mm 

mmm 

0.26 

.560 

— 

mm 

mmm 

•  •• 

0.52 

— 

— 

.224 

mmm 

0.79 

— 

.060 

mmm 

1.29 

.083 

— 

.035 

859 

860 

1.79 

>- 

.026 

— 

— 

3.79 

.021 

— 

.022 

737 

756 

4.79 

» 

.019 

.. 

... 

... 

6.29 

.014 

— 

.015 

680 

699 

6.79 

— 

.013 

-> 

... 

... 

8.79 

.011 

.011 

.011 

650 

665 

U.29 

.010 

.009 

.010 

630 

644 

13.79 

— 

-> 

620 

631 

16.29 

— 

— 

620 

... 

18.79 

.. 

-> 

— 

630 

640 

21.29 

— 

— 

— 

650 

651 

50 


lABXS  1?  (COROnSD) 

Condition  0 

5°  «3P 


p/p^  Temp.  ~  ®P 


s/d 

L 

c 

R 

L 

0.26 

.926 

— 

— 

• 

0 

— 

•972 

— 

- 

0.26 

.727 

— 

— 

- 

0.52 

— 

— 

.330 

- 

0.79 

— 

.254 

“ 

- 

1.29 

.071 

— 

.062 

- 

1.79 

>- 

.051 

— 

- 

3.79 

.036 

— 

.039 

4.79 

__ 

.031 

-- 

- 

6.29 

.027 

— 

.028 

- 

6.79 

— 

.025 

— 

«• 

0.79 

.021 

.022 

.020 

• 

11.29 

.010 

.017 

.017 

• 

13.79 

.014 

.016 

.013 

ss 

16.29 

.013 

.013 

.012 

- 

10.79 

.011 

.012 

.010 

- 

21.29 

.012 

.092 

“ 

22.79 

— 

.010 

— 

• 
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Temperature  Recorder  Inoperative 
on  this  Test 


«  o  ^  a  gi  gi » gi  a  gi  a  gi  a 

O  O  O  O  H  H  fo^vovoco  H  <OVOoq  »H 


XABIB  ZV  (CGNUNUED) 
Condition  Q 

g  m  iqP  Exp 


P/Ptj  Temp.  —  °P 


L 

C 

B 

L 

R 

•956 

IBM 

_ 

— 

•  956 

•  • 

•  MM 

•  •• 

.647 

— 

— 

•  •• 

•  ••• 

— 

.273 

— — 

— 

.046 

.047 

865 

870 

— 

.038 

•  •• 

.oaB 

— 

.029 

745 

763 

— 

.023 

— 

.019 

— 

.020 

690 

703 

•- 

.018 

.016 

.016 

.015 

660 

670 

.012 

.012 

.012 

641 

650 

.012 

.011 

.009 

630 

635 

.009 

.009 

.009 

620 

— 

>• 

615 

620 

.008 

— 

610 

615 
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MBXS  ? 


Distributions  at  Frsssurs  sad  taperature 
on  tbs  Blunt  fist  Piste  at  M  »  14 


Condition  H 


N  -  lk.2  Hejj  -  12,700  Pt,  -  19-9  »  Hg 


a  m  cP 


P/Pt,  T««p* 


s/d 

L 

C 

R 

L  R 

0.26 

1.364 

— 

-> 

§ 

0 

... 

1.000 

— 

1 

s 

0.26 

.782 

— 

“ 

0.52 

— 

— 

.399 

0 

9  P 

0.79 

— 

1.365 

»«• 

ct 

1.29 

.093 

— 

.094 

1.79 

— 

.074 

•• 

»*s 

11 

3.79 

.057 

“ 

.057 

ta 

h3» 

s  0 

»».79 

.049 

•  a» 

6.29 

.044 

.042 

a  0 

9 

*1 

6.79 

8.79 

.036 

.042 

.037 

.034 

11.29 

.031 

.034 

.029 

H 

13.79 

.027 

.030 

.027 

9 

16.29 

.024 

.026 

.022 

•8 

18.79 

.023 

.024 

.020 

9 

*1 

21.29 

.023 

.021 

& 

22.79 

.023 

23.79 

.020 

.020 

.019 

t 
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TABUS  V  (CORTIHUBD) 
Condition  H 


a  ■  5°  CoBg) 


s/d 

L 

C 

R 

0.26 

1.466 

mm 

0 

— 

.999 

mm 

0.26 

.831 

— 

mm 

0.52 

— 

— 

.474 

0.79 

— 

.171 

— 

1.29 

.121 

— 

.124 

1.79 

» 

.098 

— 

3.79 

.078 

— 

.077 

4.79 

mm 

.066 

6.29 

.062 

.. 

.059 

6.79 

.060 

8.79 

.053 

.053 

.049 

U.29 

.047 

.01*8 

.047 

13.79 

.042 

.045 

.043 

Tenj).  ~®P 
L  R 
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Tenperdture  Recorder  Inoperative 
on  this  Test 


TABIZ  V  (CGRFUIUED) 
Condition  H 

5°  Exp 


P/Pt, 


x/d 

L 

C 

R 

0.26 

1.579 

•  a 

0 

— 

1.003 

0.26 

.734 

— 

— 

0.52 

— 

— 

.339 

0.79 

— 

.117 

— 

1,29 

.072 

— 

.072 

1.79 

— 

.056 

— 

3.79 

.044 

.045 

4.79 

.038 

— 

6.29 

.034 

.033 

6.79 

— 

.033 

8.79 

.027 

.027 

.025 

11.29 

.023 

.025 

.039 

13-79 

.019 

.021 

.019 

16.29 

.017 

.OlB 

.015 

10.79 

.017 

.016 

.014 

Temp.  — °F 
L  R 


5:j 


Teins>eratxix*e  Recorder  Inoperative 
on  this  Test 


TABI£  V  (CORFIHUED) 


Condition  1 

M  -  14.28 

a 

■ 

16,000 

■ 

CD 

a 

-  0° 

F/Pta 

Temp, 

s/d 

L 

C 

R 

L 

R 

0.26 

.943 

mm 

— 

0 

1.000 

— 

— 

0.26 

.796 

— 

— 

mmm 

0.52 

— 

.374 

mmm 

0.79 

.125 

— 

— - 

mmm 

1.29 

.089 

— 

.092 

665 

mmm 

1.79 

mm 

.070 

— 

••• 

mmm 

3.79 

.053 

— 

.053 

503 

521 

4.79 

•  _ 

.047 

6.29 

.040 

— 

.039 

409 

427 

6.79 

.04o 

— 

mmm 

... 

8,79 

.033 

.036 

.031 

340 

360 

U.29 

.027 

.031 

.027 

296 

316 

13.79 

.024 

.021 

.024 

266 

279 

16.29 

.021 

.024 

.023 

245 

MW 

18.79 

.020 

.020 

.017 

232 

245 

21.29 

mm 

.019 

.016 

225 

232 

22.79 

— 

.016 

— 

••• 

56 


lABZS  V  (CCmBM)) 


Cnrtdltlon  I 

g  ■ 

£.SSBt 

P/Pt, 

leap. 

B/d 

L 

c 

R 

L 

R 

0.26 

•965 

— 

— 

0 

.996 

— 

— — 

0.26 

.846 

— 

— 

__ 

0.32 

-> 

— 

.450 

... 

0.79 

.159 

— 

mmm 

1.29 

.115 

.118 

720 

mmm 

1-79 

mm 

.096 

— 

... 

3-79 

.074 

— 

.071 

574 

582 

4.79 

.064 

... 

6.29 

.056 

— 

.055 

491 

500 

6.79 

•  • 

.056 

— 

... 

8.79 

.044 

.036 

.046 

430 

445 

11.29 

.042 

.044 

.040 

390 

400 

13-79 

.036 

.034 

.037 

359 

369 
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IABI£  V  (CORnnUBD) 
Condition  I 

g  ■  IQP  Comp 


s/d 

L 

C 

0.26 

.944 

0 

— 

.981 

0.26 

.904 

— 

0.52 

— 

— 

0.79 

.204 

1.29 

.163 

— 

1.79 

— 

3.79 

.100 

4.79 

— 

.067 

6.29 

.084 

6.79 

— 

.081 

8.79 

.074 

.077 

11.29 

.072 

.072 

13.79 

.068 

.067 

Tenp.  ~  °P 


R 

L 

R 

529 

— 

171 

762 

— 

097 

634 

080 

Vi 

5& 

074 

504 

518 

071 

472 

481 

0^ 

450 

453 
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ZABUt  V  (COBnUBD) 
CoQdltlon  I 

SL».^,  ^ 


s/d 

L 

C 

0.26 

1.119 

0 

— 

1.000 

0.26 

.741 

0.52 

0.79 

— 

.142 

1.29 

.068 

... 

1.79 

— 

.055 

3.79 

.043 

4.79 

— 

.034 

6.29 

.030 

— 

6.79 

•«» 

.030 

8.79 

.015 

.024 

11.29 

.033 

.022 

13.79 

.017 

.016 

16.^ 

.016 

.017 

ajQ.79 

.015 

.015 

Tor?).  ~°P 


R 

L 

R 

.317 

— 

.069 

754 

— 

.040 

630 

640 

.030 

566 

572 

.024 

521 

530 

.034 

492 

500 

.017 

472 

1)80 

.016 

460 

.014 

450 

452 

TASIE  V  (CCRriMUBD) 

Condition  I 

g  ■  10^  Exp 


p/p^  Tcnp.  ~  °F 


s/d 

L 

c 

R 

L 

R 

0.26 

1-17 

— 

— 

0 

— 

.592 

— 

— 

0.26 

.684 

— 

... 

... 

0.32 

.. 

— 

.269 

— 

... 

0.79 

— 

.0>1 

— 

— 

... 

1.29 

.052 

— 

.055 

761 

... 

1.79 

•• 

.042 

— 

... 

... 

3-79 

•031 

— 

.030 

639 

6^t8 

4.79 

.027 

... 

... 

6.29 

.022 

— 

.022 

577 

586 

6.79 

•• 

.024 

— 

... 

... 

8.79 

.017 

.OlS 

.015 

538 

543 

11.29 

— 

510 

519 

13.79 

•• 

— 

492 

500 

16. 2^ 

481 

... 

lfl.79 

•• 

>- 

— 

474 

480 

21.29 

— 

— 

— 

470 

476 

60 


ICABUS  VI 


Cylinder  Test  Ccndltlanb 


Coodltloa 

Haeb 

Ho. 

Po 

psla 

m 

m 

P(0) 

nn/Hg 

\ 

A 

10.45 

117 

i960 

735 

14.06 

1,905 

B 

10.61 

150 

1860 

690 

16.94 

3,130 

C 

10. 3T 

190 

1965 

820 

23.50 

3,770 

0 

10.71 

150 

1460 

505 

16.82 

4,120 

E 

10.60 

400 

1470 

570 

46.67 

11,142 

F 

10.86 

600 

1060 

300 

63.74 

22,797 

G 

11.76 

250 

i960 

715 

17.27 

3,418 

H 

12. U 

303 

1965 

720 

18.20 

3,758 

J 

12.37 

790 

1970 

920 

42.94 

9,140 

K 

12.10 

362 

1975 

725 

30.40 

U,000 

L 

14.44 

675 

2450 

1050 

21.40 

4,564 

M 

15.37 

1485 

1810 

810 

28.47 

9,072 

N 

15.00 

1495 

1700 

730 

32.70 

10,768 
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TABUS  VIZ 


Pressure  Dlstrl^utioos  on  the  Cylloders  at  M  ■  10.^ 


Coodltion 

A 

B 

c 

D 

E 

F 

10.45 

10.61 

10.37 

10.71 

10.60 

10.66 

«eD 

1,905 

3,130 

3,770 

4,120 

11,142 

22, -797 

e 

p(e)/p(o) 

0 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

5 

0.992 

0.997 

> 

0.996 

0.996 

- 

10 

- 

- 

0.976 

0.984 

0.981 

0.969 

15 

0.946 

0.951 

- 

0.962 

0.953 

- 

20 

- 

- 

0.908 

0.920 

0.916 

0.928 

25 

0.849 

0.870 

- 

0.874 

0.866 

- 

30 

- 

• 

0.805 

0.813 

0.814 

0.825 

35 

0.738 

0-7^6 

m 

0.753 

> 

- 

40 

• 

0.670 

0.681 

0.682 

0.695 

45 

0.602 

0.606 

- 

0.612 

- 

- 

50 

• 

• 

0.519 

0.526 

0.519 

0.537 

55 

0.457 

0.458 

- 

0.462 

- 

- 

6o 

- 

0.381 

0.388 

0.371 

0.372 

65 

0.323 

0.319 

- 

0.327 

- 

- 

70 

- 

- 

0.260 

0.272 

0.247 

0.247 

75 

0.223 

0.221 

- 

0.227 

- 

- 

80 

0.179 

0.384 

0.164 

0.160 

85 

0.142 

0.143 

0.149 

0.128 

> 

90 

- 

0.122 

0.120 

0.104 

0.099 

95 

0.089 

0.092 

- 

0.097 

0.063 

- 

100 

m 

> 

0.066 

0.076 

0.067 

0.063 

105 

0.054 

0.056 

. 

0.061 

0.055 

m 

110 

m 

o.o6r 

0.046 

0.045 

0.041 

115 

0.033 

0.034 

- 

0.038 

O.03B 

m 

120 

- 

- 

0.057 

0.030 

0.034 

0.029 

125 

0.022 

0.023 

• 

0.026 

0.031 

- 

130 

• 

0.052 

0.021 

0.029 

0.0226 

135 

0.017 

0.020 

- 

0.020 

0.0277 

- 

140 

- 

- 

0.0503 

0.019 

0.0274 

0.0221 

145 

0.017 

0.020 

. 

0.020 

0.0276 

> 

150 

ae 

- 

0.0505 

0.021 

0.026 

0.024 

155 

0.020 

0.021 

- 

0.023 

0.029 

«• 

160 

m 

- 

0.053 

0.025 

0.031 

0.025 

165 

0.024 

0.027 

- 

0.026 

0.032 

m 

170 

m 

- 

0.055 

0.026 

0.032 

0.026 

175 

0.026 

0.027 

- 

0.029 

0.033 

m 

380 

m 

- 

0.055 

m 

0.033 

0.027 
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lABIl  IX 


Pressure  Distributions  aa  Fnssure  Distributions  on 

Cylinders  at  M  ■  12  Cylinders  at  M  ■  i;> 


Condition 

0 

H 

J 

K 

L 

K 

H 

N> 

n.76 

12. U 

12.37 

12.10 

14.44 

15.37 

15.00 

®®D 

3,418 

3,758 

9,140 

n,ooo 

4,564 

9,072 

10,763 

e 

p(e)/p(o) 

p(e)/p(o) 

0 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

5 

0.995 

0.999 

1.000 

0.994 

0.996 

- 

10 

0.982 

0.985 

0.968 

0.990 

O.970 

0.984 

0.976 

15 

• 

0.970 

0.966 

0.970 

0.952 

0.953 

- 

20 

0.926 

0.951 

0.936 

0.937 

0.913 

0.920 

0.916 

25 

• 

0.923 

0.893 

0.888 

0.875 

0.670 

- 

30 

0.827 

0.858 

0.845 

- 

0.828 

0.S22 

0.815 

35 

•> 

0.783 

- 

0.768 

- 

- 

- 

ItO 

0.706 

0.699 

0.723 

- 

0.705 

0.691 

0.661 

45 

• 

0.6ljB 

• 

0.622 

• 

• 

m 

50 

6.561 

- 

0.572 

• 

0.574 

0.536 

0.533 

55 

«s 

0.451 

- 

0.465 

- 

- 

60 

0.420 

- 

0.420 

> 

0.445 

0.395 

0.384 

65 

es 

0.315 

- 

0.331 

- 

- 

* 

70 

0.294 

- 

0.287 

- 

0.326 

0.268 

0.261 

75 

o.2n 

. 

0.224 

• 

- 

80 

0.188 

- 

0.124 

0.184 

0.238 

0.166 

0.173 

85 

- 

0.139 

- 

0.150 

- 

- 

- 

90 

0.122 

* 

0.125 

0.118 

0.159 

0.122 

0.108 

95 

- 

0.089 

- 

0.095 

- 

- 

- 

100 

0.078 

0.073 

0.076 

0.101 

0.080 

0.068 

105 

• 

0.061 

0.056 

0.058 

0.089 

- 

- 

no 

0.049 

0.044 

0.044 

0.075 

0.051 

0.042 

n5 

• 

0.044 

0.034 

0.036 

0.064 

- 

• 

120 

0.031 

- 

0.026 

- 

0.059 

0.031 

0.026 

125 

• 

0.037 

0.019 

0.021 

0.0587 

- 

- 

130 

0.021 

0.034 

0.015 

* 

0.0534 

0.022 

0.018 

135 

• 

0.033 

0.012 

0.018 

0.062 

0.021 

- 

140 

0.016 

0.032 

0.010 

- 

0.065 

0.020 

0.0174 

145 

• 

0.030 

0.009 

0.013 

- 

0.021 

- 

150 

0.014 

0.029 

0.010 

- 

0.073 

0.022 

0.021 

155 

• 

0.030 

o.on 

0.016 

0.024 

- 

160 

0.015 

• 

0.012 

- 

0.084 

0.027 

0.025 

165 

• 

0.031 

0.014 

O.OlS 

0.086 

- 

- 

170 

0.017 

- 

0.016 

0.020 

0.091 

0.030 

0.029 

175 

• 

0.033 

0.017 

- 

- 

- 

• 

180 

0.018 

- 

0.016 

- 

0.093 

0.032 

0.030 
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Figure  t  The  Ohio  Stote  University  12  inch  Hypersonic  Wind  Tunnel  Schemotic 


Vi«w  With  Covtr  Plot*  Rtmovtd 
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Fi9ure  3  Flat  Plott  Orifice  And  Thermocouple  Locations 


Figure  4  The  Completed  Ftot  Plate  Model 


Figure  5  Model  Inetoltotion 


^Angular  Positions 

0.50"0.D.  Cylinder  Model  of  Pressure  Orifices 
Figure  6  Cylinder  Dimensions 


Figure  7  The  Cylinders 
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Mach  No. 
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Figure  10  Coordinate  Systems  Used  For  The  Flat  Plate 

And  The  Cylinder 
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Figure  II  Pressure  Distribution  Over  The  Flat  Plate  — M  « 7,  Rep  =  7 500 


Figure  M  Pressure  Distribution  Over  The  Flat  Plate  —  M  =  IO,  ReQ=  15,000 
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Figure  15  Pressure  Distribution  Over  The  Plot  Plate —  M  » 12,  Rep  =  9000 


Figure  16  Pressure  Distribution  Over  The  Flat  Plate  —  M=  12,  ReD=  13,700 


Figure  17  Pressure  Distribution  Over  The  Flat  Plate  —  M  =  12,  Reo  =  21,300 


Figure  19  Pressure  Distribution  Over  The  Flat  Plate”  M  =14,  Rep  =  16,000 
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Figure  22  Effect  Of  Mach  Number  On  Pressure  Distributions  For  M  =  7,  10,12 
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Figure  25  Pressure  Distribution  On  The  Nose  Of  The  Flat  Plate  —  M*7,  Reo=7500 
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Figure  29  Pressure  Distribution  On  The  Nose  Of  The  Flat  Plate  ~M=  12,  Rco  =  9000 


Figure  30  Pressure  Distribution  On  The  Nose  Of  The  Flqt  Plate 

M=I2,  Reo=  13,700 


Figure  31  Pressure  Distribution  On  The  Nose  Of  The  Flat  Plate  — M  =  I2,  Rep=2l,300 


Figure  32  Pressure  Distribution  On  The  Nose  Of  The  Plot  Plate  — M  =  14  ,  Rep  =  12,700 


Figure  33  Pressure  Distribution  On  The  Nose  Of  The  Flat  Plate  —  M  =  14, Reo=  16,000 
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Figure  34  Pressure  Distribution  About  Cylinder 


M  =  IO 
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Degrees 


Figure  35  Pressure  Distribution  About  Cylinder  —  M  - 12 
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Figure  36  Pressure  Distribution  About  Cylinder 

M  =15 
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Figure  37  Effect  Of  Mach  Number  On  Pressure 

Distribution  About  Cyiinder  —  Rcd- 11,000 
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Figure  38  Effect  Of  Mach  Number  On  Pressure 

Distribution  About  A  Cylinder,  Re|)  =  4000 
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Figure  39  Tunnel  Interference  On  Cylinder  Distributions 
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Figure  40  Typical  Temperature  distribution  On  The  Flat  Plate 


Figure  41  Comparison  Of  Modified  Creoger  Theory  With  Experiment 
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